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l.O INTRODUCTION 


This report i» .1 Huiunuiry of the work per formeii by IX'A 
Reliability Laboratory, Sunnyvale, California, for NASA- 
MSpc, Huntsville, Alabama on Contract NASH-J1944 
Transistor aiul Diode Stress Kv a 1 nation. 


1 . I SCOPE 


This proijram was executevl to assess the effect of 
lH.>wer and temj.H>rat ure stresses when applied to a 
variety of semiconductor devices. This report covers 
the transistor dANTX2N2M05A , trom Texas Instruments 
and Motorola. 


1.2 i^AMPLE DlSTKIbUTlON 


A total of forty-eiuht samples trom each manul actuier 
were divided eviually (In per uroupl amonu three ijroups 
anil submittevl to the processes outlined in Table 1. In 
aiidition, two (2) I’ont rol samples were maintainoil lor 
verification of the electrical testinij. 

2 . 0 TEST REou 1 ki:mi:nts 

2.1 ELECTRICAL 


All test samples were subjected to the electrical tests 
outlineil in Table 11 at each measurement point. These 
tests were carried out usiiut the Fairchild Model nOOC 
hiqh-speed compuler-i-ont rol led test svstem. 
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2.2 STKI’SS Cl Re’ll IT 

Tht» t'irouit in I’liiuto 1 wan uHOkl to |\>wor all ot iho 
tost dovioi'S iluriiui tlu* various stross o>iulit ions. 

Tho V^.j. w.iH adjustOil to obtain llio spooitiod jH'wor 
ro.iuironionts. Hoo Tablo 111, l\ujo *>. 

2 ..\ POWKR STRMSS 

Thirty-tW4> (JJ) units, Sixt»'on (lo) t roni oaoh inanu- 
tiioturor, wi'i'i* subniitti*ii to this prooi’ss, Tho units 
woro strossoii tor r>00 hours at , llHH, 150% ajid 
175% maximum ratod powor (MRP). Klootrioal moasuromotils 
woro porloniu'ii at various intorw.is. Soo Tablo 1, Pa»io U. 

.!.-l TKMPPRATLIRJ; i^TRl’SS I 

Thirty-two (JJ) units, sixloon tlo) tri'in oaoh manu- 
faoturor, wi«ro submit tod to this proooss. Tliis iji oup 
was subjooti‘il to IsOO hours of stross at 100% MRP in 
inoii'monts ot IsO lunirs witli tompi'raturo slops ot J5^'C 
oor.imonoinu at 75''C and torminatinvi at 300‘V. Soo Tablo 1, 
Paiji' 0. 



TllMPPRATllRi: STRKSS 1 I 

Tliii ty-two i.tj) ui\its, sixtoiMi 1 1 tO t rom oaoh manu- 
faoturor, woro submit ti'd 1 this pi\’ooss. This aroup 
was subjootod to llj lunus I't stross at 100% MRP il^ 
inoromonts ot Iv hours with tomporatmo stops of 25'-V 
ooinmonoina at 1 fuP'C and torminatina at ,100^\’. Soo 
Tablo 1, Paao S. 
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<.0 PlSi.*llSSlON OK TKST Ui:SHl,TS 

<.l Pinvi:u STKKSS 

3.1.1 TKXA.*^ IN.^^TUUMPN Ti; 

No tojiVti. iiuo to oUvtrio.il t.iiluio woro onoinint oi o.l 
until till* to.-it w.i.s toiluin.Uoil .It 17S0 liouts. Tin* 
olootrio.il oh.ir.iotorist io:; ot this s.iniplo ronuinoii 
ossont i.il ly oonst.int Uiroiuiliout t ho out i i o t os t p.*i uni. 
Typio.il or this portorm.inoo, t )*o moan v.iluo tor h|.j., 
Vi:i.*;ati) '’oi: isat.') '‘*i>>>i‘*ioii loss than 

olianuoil only UpA fiom a moan ol JlpA to a moan oi -,.li*A. 
Tho tost was toiminatovl duo to oxoossivo moolianuMl 
tailaios fuinooil hy hatullina ihirina tho toiU piomam. 

:m*o Apponuix A, Kano A-.’. 


3. UJ MOTOUOI.A 


This aroup startoii w i t li twv* paiamotiio h^.,. tailmos. 

Thoso units oonlimioil to tail thiouahout t lio tirst ‘hH) 

hours. At lor Sh lioui s at UHU MU1\ hotli dovioos ilisplayoii 
onouali inoroaso in h,,j, to moot t lu* ost ah I i sl-.ovl pai amot r iv- 
limit. Tins inoroaso in lipj. was louahly i«atalloloil hy t ho 
aooii units. At tor I ‘*00 hours, tliis a roup suttoroil twv* iJ) 
oatastiophio olootiioal tailuios, N •Wi*'-* aiui :? .r;„ 7 . 

fifty tin)) hours lator, N .17.o, .Uso tailoil oa t as t roph i oa 1 1 y 
Kailuro analysis was pottormoil on t hoso units. hoo 

Appoiulix A, I’aao A-4. No ot hot olootiioal tailuros woro 
onoountorovi with this aroup. 
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I S TAT I ST 1 1'AL SUMM/\ KY 


T.iblf IV out linos t ho losults ot ll»t« pi'wor st loss tor 
oaoh paranv'lor aiul miMsur«.Miu*nt point tor both voruloru. 


\.2 ThMl'KRATllRi; STUhSS I 

i.j.i TKXAS instkpmi:nts 

This i|ii>up pi lujrossivl tliroiuih all tostiiui to 17‘>\’ with 
no tai lull's or abnormal paramotrio I'hanaos. Attor IsO 
hours 4it ‘U*ii hours into t ho tost, two iJ) units, 

S/N M2A .iiui S N -173-1 sulti'roii a liot oriorat ion in 
S/N 17J I w IS o.it ast rophio. At t ho oiiii ot .m .uiili t ioiui 1 
li'O hours .it t'ivo tS) mi'ro units slu'woil .1 simil.ir 

vii't or ior.it ion in '"'ll t'ivo ot thoso units woro 

oat .ist rophio. Two ot t lu'so units .iiul oiu' subso.jiu'nt 
lailuro wori* subii'otoii to t.iiluro .in.ilysis, with t ho 
only . ibnoim.il i t y boina th.it ot sovoi o int 01 mot . 1 1 I io 
torm.itions sur iinnul 1 lui t lio b.iso .iiul omit tor. Soi' Appon.lix 
It, r.i»u* b-J. At tho sixth so.juonoo, tivi' IS) 

.uiiiition.il o.it .is t ropin o l.iiluros oouiio.l. Ono il) I't 
t liosi' ro loots w.is .in.i 1 y .'.oii .uui touiui tv' bi' simil.ir tv' 
pii'vvv'us l.iiluros. At this t imo tostiiui was stv'ppi'vi 
livu' to oxv'ossivt' t.iiluros. 

}.:.2 MOTi'KOlA 

LMit i I till' pi'st mo.isui omont , lu'iio ot t Jioso units 

vi i.'ii'l.iyoil .iny s i vin i t io.in t p.ir.imotrio oh.iiuios. Attor 
t lu' stii'ss. 


ono unit, S/N ■ 1112 . l.iilovi li„,. 
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-1.2.2 t’ONTlNUKO 

oat.ist rophU'.i I ly . Thi« unit w.ih HuUnittiul to tailuvi' 
aiialyKlti. Soo •'* M-3. At tor tlu* 2‘iO‘^V 

oxporturo, S/N -J780 lirittoii out of upoo for ThiH 

unit wan maruittal from tho 2010 lO) houi moatuiromont 
anii thia failuro roproac'Ut a only a 240mV il7if) ohaiujo. 
Si'o Appoiulix It, I'auo B-3. An advlitional liul hi'ura at 
275‘^\’ produotov.1 tWi> l2) aiUiitional taiiuroa. N 477*» 
ovontually booamo oataatrophio atul S/N 47tt-J oontinuoil 
to vlouraiii* atui waa aubjooti'ii to failuii' analyaia. i?oi‘ 
Appoiulix 1', Pauo H-4. 

J . 2 . J S l’AT I ST I PAI. Sl'M>LAKY 


Tablo V outlinoa tho loaulta of thia t oinpoi at urt' alroaa 
for oaoh paramotor, moaauromont point anti voiulor. 


3.3 Tl'MPr.KATUKi; STUPSS 11 
3.3.1 TPXAS I NSTKPMPNTS 

Attor aixtoon houra of oxpoauroa .it ll.’0'^\\ ono unit, 

S/N 4 7 37, viiapl.iyovl .in S3'i inoro.iso in Ipnii, ua oppv>aou 
to .1 mo.in oli.iiujo of .ipproxim.it oly UH. Thia ooiuiitii>n 
poraiatoii until .it tor tho 200‘'\' oyolo, at whioh t imo t lio 
ro.ulina moro oK'aoly .ipproxim.it o.l tho initi.il ii.it. i. Tliia 
ro.uiina oontimio.l at.iblo until tho toat w.ia tormin.itivl 
.ittor t iio 27^y'-''C oyolo. S/N 4737 w.ia aubjooto.i to t.iiluio 
analyaia. Tho only abnorm.ility notivl w.ia t lio i nt 01 mol . 1 1 I io 
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3.J.I CONTINL'HD 

formatUMirt mu* round iiui tho baso atui omit tor load wiron. 

Soo Appondix C, Paao C-2. At tho ond of tho J50^V 
Htross, two (2) additional failuros woro onoountorod, 

S N -ITJ*) and S/N •J747. Aftor failuro analyiiis of thoHo 
unitrt, tho intornal oharaotoristios woro similar to 
S/N 47 J7, oxoopt t hoy Hhowod a dint inot roduotion in 
hp,, inoroano in Ipp^. Soo Appondix C, Pago C-2. 

Aftor tlio 250^'C Btronn, t?/N 4744 displayod a siunifioant 
inoroaso in buLib quont ly failod oat ant ropliioal ly , 

an did Bovon i7) othor unitB, aftor tho 2iy'C stroBB. 

All failovl unitB from thin Bubviroup, with tho oxooption 
of S 'N 4737, tailov.1 viuo ti^' iatormota 1 1 io format ions 
oaUBod by thormal bIiobb. :?oo Appondix PavK’ C-2. 

This tost was stoppod aftor tho oomplotion ot tho 275'-V 
strosB, duo to tho oxcossivo numbor of oatastiophio failuros. 


3.3.2 MOTOUOlJi 

Prior to tho initial stross, S/\ 47‘>3 was an lipp 

paramotrio failuro. It improvovl with tho first tomporaturo 
bias oxpoBuro and ootitinuod to bo stablo throughout tho 
bal^tnoo ot tlio Btrossos. No othor failuros wi'ro onoountorovl 
fi'om tliis voiivlor during all subsoguont strossos. 

3.3.3 STATIi^TU'AL SUM^URY 

Tablo VI out linos tho rosults of this tomporaturo stross 
for oaoh paramotor, moasuromont point .ind vondor. 
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4 . 0 FINAL PATA SUW UKY 

Tal)lo VII »ununari 2 t'« iho oIuuuk' in tho nuMn vnUu' from 
tho 20 ro (0) hour vlat.i to tho final Uata. Fiuuro I 
and 2 uraph tho oumulativo poroont failuros vh tho 
tomporaturo «tros» lovol lor TliMPPRATliRi: STUi:i?S I and 
II. TabloH VI 1 1 and IX Hunnari^o tho tailuroH oi\oountorovl 
for all throe etrossoa. They aro brokon liown by oataatrophio 
failuroa i” Tablo VIII and paramotrio failuioa in Tablo IX. 
Tho data from Tablo VI II waa uaod aa an input for tho 
vtrapha in Fiauroa 2 and .1. 


5.0 C0NCLU.‘tI0N.‘; 

Thirtoon parta woro iloatroyi'd by handlitu] and 31 other 
part a failed for a variety of roaaona. Tho moat oormMn 
of thoao waa intormotal I io formationa duo to oxpoauro to 
tomporaturo atroaa. A plot of tlto o.itaat rophio failuroa 
ia made in Fiouro 2 and Fiauro 3 to oatabliah tho 
aot*vation onoroy of 1 . to> ov. There woro inauffioont 
failuroa in tho Motorola aroup to perform tho oaloulat iona . 
Tho aotivation onoray waa arrived at uaina tho formula; 


L* = 


In 


/111 / tt.t.3 X IP'^'oV \ 
I l_J w_l J 

' ^1’^ + J73Ht, + J73” 


Texas Instrumonta appeal a more auaooptiblo to external 
load damav/o than Motorola althouah tho reason waa not 
apparent . 


TABLE 1. Test Flow Diagram. 
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♦Quantity per manufacturer (T.I. & Motorola) 

NOTES; 

1. Electrical measurements per Tablu 11 were made at 50, 
150, 250 and 500 hours. 

2. Electrical measuroments per Table 11 were made at 10, 
25, 50, 150, 250 and 500 hours. 

3. Electrical measurements per Table 11 were made at the 
end of each 160 hours. 

4. Electrical measurements per Table 11 were made at the 
end of each 16 hours. 
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TABLE II. Parameter and Test Conditions 

OCA RILIABIIITV LABUHATOHY 


PAHAMLTER CONDITIONS 

SPECIFICATION 
LIMIT 
MIN MAX 

CATASTROPHIC- 
LIMIT 
MIN MAX 

m 

I^,pQ Per MIL-STD-7 50, Method 

3036. Bias Condition D 
Vpjj ■ -50 Vdc 

-10 

-1000 

nAdc 

hpE ''CE ■ - 

I^ « -0.1 mAdc 

75 

37.5 

— 

V I ■ —150 mAdc 

''CE(SAT) V ‘ 

Ijj “ -15 iTiAdc; Pulsed 

1 

1 

1 

1 

6 

• 

1 

1 

1 

1 

o 

(T 

Vdc 

V . . I •* -500 mAdc 

'^CE(SAT) C 

Ig * -50 mAdc; Pulsed 

-1.6 

-2.4 

Vdc 


!_/ In addition, any open or short shall be considered c atastrophic 
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TABLE III. Power Stress Burn-In Conditions 


1 I^ * 12 . 0 mA 

'^CE 

% Pj3 

12.5 

50 

25.0 

100 

31.2 

125 

37.5 

150 

43.7 

175 
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TABLE IV 


PART NUMBER JANTX2N290SA 


PO.VER STRESS DATA SUiMMARY 


PARANETER 
CONDITIONS AND 
UNIT 

ICBO 10 SA MAX. 
VCB -50 VDC 

HFE 75 MIN. 

VCE ■ -10 VDC 
IC -0.1 MADC 

V'thlSAT D-0.4 V .MA>: 
IC » -150 .MA 
IB • - 15 MA 

’/CEISAT 2 
IC - -500 
IB ■ - 50 

) -1.6 V MAX 
•MA 


TEXAS 

V.OT..!-CLA 

TEXAS 

T *: ' " 

MOTOROLA 

TEXAS 

T " 

MOTOROLA 

TEXAS 

MOTOROLA 

INITIAL DATA 
nIN VALUE 
MAX VALUE 
MEAN 

STD. r^v. 

0.0 ». 
260 .-A 

21.33PA 

65.00PA 

0.0 A 
5.3SNA 
705.9 PA 
1.249‘A 

140 

222 

169.5 

20.50 

6v . 7 1 

18B.0 
117.8 
33.89 

156 M'/ 

195 KJ 

168.6 MV 
9.250- 

135.0 ML 

255.0 M-.' 
185 . 3 y: 

36.75 ' < 

434.0 y. 

520.0 y.- 
466.4 y. 

20.75y 

382.0 M\’ 

797 . 0 MV 
561.3 MV 

1 2 - . 5 y.- 


^flEAN tfALUt 
INITIAL TO POST 
STRESS 


sox POWER 

1 ___ 

50 HOURS 

tt A 

- 20.0PA 

0.4 

0 

-4.9 MV 

-4.10 y.' 

-23.4 ML- 

-25.4 ml- 

150 HOURS 

0.67 PA 

68.2PA 

2.6 

0.5 

9.9 ML’ 

2.5 ML' 

21.4 ML^ 

10.4 MV 

250 HOURS 

8.67 PA 

- 25.9PA 

3.1 

2.0 

0.2 MV 

- 0.6 tv: 

1.0 ML’ 

- 1.0 MV 

500 HOURS 

-3.47 PA 

-124. 7PA 

1.9 

1.9 

-0.1 MV 

-0.7 y. 

6 ML- 

- 1.7 ML’ 


loot POWER 


550 HOURS 
650 HOURS 
750 HOURS 
1000 HOURS 

123.67 PA 
-4.90 PA 
-1.33 PA 
5.81 PA 

-139. 4PA 
45.3PA 
-128. 8PA 
- 71.8FA 

2.5 

4.3 

3.9 

4.1 

6.9 

11.8 

16.4 

12.9 

0.5 y2 
0.8 MV 
-0.7 MV 
0.1 MV 

2.2 ML' 
2.4 y. 
-0.8 y.' 

-0 . 2 M'. 

2.7 y 
5.2 y 

-1.0 y 

1.8 y 

- 1.2 y 
-13.5 y 

- 2.7 y 
1.2 y 

i2^f PTWER 









1010 HOURS 

6.53 PA 

- 38.3PA 

5.1 

16.7 

14.1 MV 

3.6 y 

20 y 

12.3 y' 

1025 HOURS 

3.67 PA 

-123. OPA 

4.9 

17.2 

-0.7 MV 

-1.3 y. 

-1.7 y 

- 3.1 y 

1050 HOURS 

-4.19 PA 

-200. 3PA 

4.4 

16.5 

-0.6 MV 

-0.5 y 

-1.2 y ’ 

- 0.9 y 

1150 HOURS 

17.24 PA 

-269.4PA 

8.3 

20.2 

-0.1 MV 

-1.3 y.’ 

0.1 y 

- 2.9 y 

1250 HOURS 

27.76 PA 

-200. OPA 

-1.1 

17.1 

2.7 MV 

3.8 y 

9.1 y 

20.9 y 

1500 HOURS 

0.49 PA 

-388. SPA 

1.2 

34.7 

-0.1 MV 

-5.1 y 

l.O y 

6.1 y.' 


CONTINUED 


TABLE IV (Continued) pas-z S'jfttz? ja;jtz2:;2>osa 

P^wer Stress Deta S-rr-arv 


co*«: 1 * cn: *s: 

LI- ' 

:cso 10 

'.r:s -50 

rxA yAx. 
'/ix: 

HFE 7S y. 
'ACE » -10 

:c » -0. 

- 

.yA 

1 «A0'C 

'ACE SAT 1 
'ACE --15 
IE «- 1 

;-0.4'A yJ-J 
0 yA 
5 yA 

1 '•’CE SAT a -..5'.' .yA/, 
:c - -500 .yA 
IE ■ - 50 HA 


TEXAS 

1 KOTOPOOA 


.yOTOPOEA 

TEXAS 

MCTCPCIA 

TEXAS 

MCAICPCSA 


I.TSTP. 

1 


1KB 


INSTP. 


IKSTP. 


1 M ' 1 A w : A • * 










- 1 •• .A. £ 

0.0 A 

0.0 

t 

140.0 

59.7 

156.0 .y'. 

135.0 y 

434.0 y 

362.0 yA 

-A» ^Ak.C 

250 p; 

1 5.35 


222.^ 

ISO. > 

2V5.0 y'. 

255.0 y 

520.0 

797.0 yA 

-EAs 

21.33 P- 

, 705. ■» 

P'* 

j 153.5 

117,% 

156. pj fC. 

; 165.3 y 

455.4 y 

551.3 y,' 


, z r » . 

i l.il. 

- *J- 

J 1 ^ 5- 


V . ’ * 

1 35. *5 >'• 

2C.75 

126.5 y 

Z--EAS value 










IM’^IAL T5 POST 










5T»ESi 










ie:? p'-ea 

L 

15X0 HCVPS 

13.22 p; 

^-•;74.5 

r. 

3.5 


0.1 

- 5.7 

1.1 

-2.2 

1525 hCVPS 

0.57 PA 

-411. e 

?A 

-2 . 2 

34,9 

-2.1 

- 3.4 

-0.1 

E2.1 

1550 HOOT'S 

1%.57 PA 

-357. 

?A 

-3.1 

31. 12- 

-1.6 

- 0.4- 

-0.4 

25.2- 

1050 HOOT'S 

21.53 PA 

4%5.0 

PA 

-3.0 

35.9 

-3.3 

- 2.3 

-3.5 

-5.5 

1750 HOOPS 

32. V5 PA 

- *4% , 4 

fA 

-4.1 

is. 5 


- 1,0 

2.5 

-10.3 

2000 HOVPS - Note 1 

:est 

l-3a3.‘> 

pr-. 

TEST 

36.5 


- 0.3 

TEST 

13 1 


.-•-PPEO 



:i-ppEO 




.TO.PPEO 


t7:r PO-EA 

_ 


2010 HOO'PS 

TEST 

-454.2 

f-4 


39.6 

TEST 

- 3.6 

TEST 

*2 • 2 

202 5 HOO'PS 

STOPPED 

1-47%. 4 

PA. 

f.-." PPES 

36.5 

ETCPPES, 

- 2.4 

-T - r p£w 

5.7 

2050 HOO'PS 

" 


PA 


40.0 

• 

- 2.6 

a 

5.3 

2150 HOOPS 

•> 

p-4-i^. 2 

PA 

w 

39.6 

a 

- 7.2 

• 

-5.8 

2250 HC'OPS 

• 

--17.% 

PA. 

« 

41.6 

a 

1.1 

- 

-13.2 

2 500 HC'OPS 


-3fe3.% 

1 

w 

25.5 

M 

-3fe2,7 


-951.7 

PI SAL 5ATA 

1750 


1700 

2500 

1750 

2500* 

17SC 

2500* 

••IN i jl 

0.0 A 

10.00 

t;] 

145.0 

m 

159.0 .y'.' 

146. C .y. 

— 
450.0 yj 

424.0 yA 

-A/ VALJE 

:HC.O PA 

1.34' 


lfe5.0 

224.0 

177.0 y.' 

256.0 yl 

466.0 yJ 

6 36.0 y.' 

E A S 

- • i ^ f A 1 

322 .0 

P-\. 

155.4 

143.3 

157.5 y.' ■ 

167.9 .yJ 

456.9 y; 

562.2 y.’ 

5 TO . OE # . 

133.0 PA 

3i;4.0 


13.15 

55.56 

5.123.y^ 

40.29 yJ 

11.56 y; 

14 3.3 y.' 

NOCE 1; Test stopped [ 




1 


■■ 


i 


d^e to excessive .-ec'r.a-i 

Cdl * * 



AEuE ;t(o< 

1 






failures due to ha.-.dli * 

1 

1 1 


n 





X 

c 


> 

























I — i 
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TABLE V ] 

Temperature Stress I (160 Flour) Data Su.Tjr.ar- 


PAPT SfMfctP JANTX 2 S 2905 A 


PARAf«ETE^ 

conditions and 
unit 


initial data 

NIN value 
nut VALUE 
nEAn 

STD. DEV. 

AniAN value 

160 HAS- STEPS 
initial to post 
STRESS 


*CBO 10 NA MAX. 
V'B » -50 -/DC 


•MOTCPCtA 


•HFE - 75 MIK. 

VCE - -10 VDC 
IC - -O.l MAtC 

TEXAS I .MOTOPOtA 


340.0 

430.0 
376.9 


27.55 PA 


; 80.0 PA 99.0 83.7 

2.54 :.-A 2 37.0 164.0 

1 . 544 NA 176.9 134.4 

710 PA 31.61 28.26 


TOTAL HOt'PS 






160 

75 ®C 

126.7 PA 

1 66 PA 

- 2.2 

21.3 

320 

♦ 100 °C 

141.9 PA 

5 3 ?A 

- 0.8 

20.5 

460 

♦ 125 ®C 

265.0 PA 

93 PA 

- 1.4 

21.5 

640 

■► 150 °C 

166.8 PA 

170 PA 

- 1.3 

27.2 

800 

♦ 175 ^^ 

121.8 PA 

7 PA 

- 7.0 

28.9 

960 

♦ 200 °C 

261.3 ‘.A 

- 77.1 PA 

- 11.7 

29.7 

1120 

♦ 250 °C 

297.8 UA 

- 115.3 PA 

- 304.5 

16.2 

1260 

♦ 275 ®C 

* 499.4 SA 

- 67.8 PA 

- 319.7 

13.8 

1440 


TEST 

• 1 . 04 !A 

TEST 

10.1 

1600 

♦ 300 ®C 

STOPPED 

• 1 . 09 NA 

STOPPED 

14.4 

FINAL DATA | 





LAST STRESS 

Te^ii . 

2 50 <: 

300 '^C 

25 

j ( 

NIN VALUE 


1 

480 PA 

520 PA 

143 

98 

nut value 


999 NA 

431 SA 

999 

199 

NE an 


499 . 8 r.A 

34 . 16 SA 

498 

148.1 

STD. DEV. 


499 . 2 ryL 

114.6 NA 

408 

28 .' 


* CATASTROPIC 

RE J£CT(S) 

renuved from da 


f.'ECSAT D- 0.4 V MAJ-: 
be » -I'O MA 
EE * - 15 XA 


'/CE(SAT 2 ) - 1.6 V MAX. 
IC - -500 MA 
IE ■ - 50 MA 


TEXAS 

.MOTOPOLA 

TEXAS 

MOTOROLA 





59.0 M*.' 

140.0 y:: 

442.0 .MV 

•* 87,0 M-U 

94.0 M-; 

246.0 K-.- 

554.0 M-.- 

1430 .M-.’ 

72.1 M-/ 

166.0 M'. 

487,0 MV 

586.2 yrj 

6.54 .M".' 

30.14 M- 

26.07 M-- 

238.0 M-/ 


- 2.4 .MV 
-2.0 K.' 
2 .E yrj 

4.6 KJ 
4.3 .MV 

5.7 M-/ 
6.2 M’/ 

1 3 . l.MV 

TEST 

STOPPED 


1 56 M*.’ 

346 MV 
IR '5 M-.’ 
54 .M-.- 


- 3.1 MV 

- 2.6 

- 3.2 .MV 

- 3,1 jr/ 
- 3.1 MV 

- 9.9 RT/ 
- 16.5 K’.' 
- 24.1 n-j 

r-34.9 M-.’ 

- 36.2 MV 


2.4 .M-.- - 1.3 M*V 

1.3 >r.- - 0.9 M".’ 

2.9 «rv - 2.4 M-V 


► 0.2 MV 

► 8.1 M-.' 

► 15,3 .MV 
► 60.3 KJ 

► 91.0 K-: 

TEST 

STOPPED 


128 M'.' 460 M".’ 

174 yj 1040 M’V 
149.8 578 M-.’ 

15 .i;>r.’ 170 MV 


3.8 KJ 
11.4 RTV 


17.5 MV 
• 84.3 M’/ 


’64 yr: 
727 yr: 
497 M-.- 

98 . 6 M*/ 


1 


a.ij'Jvno MOO, I .^o 
Kl lVN’lf>I>j(i 



r» 


TABLE VI PAPT :r:rhzp TA.*.TX2r;2'iOCA 

TEMPERATURE STRESS II (15 Hour) Data Surjrary 


P6»A-rT(.s 

cos:i*i:ss Aso 
LI ^ 1 ’ 





■bWfCTI 

BM 



TEXAE 

.'ECTOPOLA 


.«OTCPOOA 

TE>0^S 

rr.STP. 

X''.TOPO*..A 


X'TO/- /.O 

isiTiAu :a*a 









- • S ; AL 

IE". PA 

180 PA 

159.0 


142.0 XV 

148.0 X-.’ 

40 2 .X-; 

398.0 X.’ 

-A» JAL JE 

4.17 r.A 

6.32 r.A 

23 3.0 


17 -.0 XV 

275.0 XV 

506 .X-.- 

787.0 XV 


6-8.1 FA 

1.651 r;A 

180-. 2 


1 5 • . 3 X • 

l'»4.4 .X-' 

404.8 X-/ 

5 91.3 X.- 

•• T r> ^ P • 

919.7 PA 

1.757 :;a 

18.7 


1 f P v.» 

29.26 .X-.- 

75.0 X-.' 

92.7 X-.- 

Z^-EAS ,al.E 

IE, STEPS 

initial *: 









S ’ A E S 









TCTAE TIME ^ 









16 -150V 

-90 PA 

.046 'A 

0.5 

4.6 

-2.4 XV 

-4.1 X-.- 

9.1 X-,' 

-3.2 XV 

32 *17;°c 

-20.6 PA 

.04 -.A 

- 1.4 

10.9 

-1.7 MV 

-5.5 XV 

6.5 X-.- 

4.4 X.' 

46 *2C0'’c 

88.8 PA 

-.26 7 r;A 

-10. ' 

'4.9 

-2.3 XV 

-4.4 X-.- 

11.4 y: 

-24.' X-’ 

64 *22E®C 

62.24 PA 

- .249 :a 

-16.7 

20.9 

-2.8 X-/ 

-10.6 X-.' 

13.3 XV 

-20.6 .XV 

80 ‘2S0'^': 

028.9 PA 

-.189 NA 

-22.8 

2 3.8 

-4 . 2 X-.' 

-18.3 ^^.• 

4.3 XV 

-19.6 .XV 

96 *276°c 

632.6 PA 

-.169 :a 

• ' ^ c* 

21.5 

-1.7 M-.' 

-31.9 X-/ 

21.3 .X-.' 

-30. 7 XV 

112 

TEST 

STOPPED 

-.296 ry: 

TEST 

3TCPPES 

'6.1 


-34.6 X-.- 

TEST 

STOPPED 

- 1.5 XV 

nsiL jA’i 









la:* *«-&. 

-2760^ 

- 300'^'* 

-2-’'' - 


*:'■?= * r 

-2 0-VV 

- . ' ®C 

- 

“ . ; A L j E 

30' PA 

320 PA 

p* . 3 

76.9 

141.0 X-.- 

12', .0 

406.0 KJ 

36 2.0 

-A» ;aL'JE 

999 !.A 

5 . 64 :.A 

999 

I 98 . 0 

184.0 y: 

190.0 XV 

617.0 X-.' 

793.0 XV 

•^EA *. 

833.2 SA 

1.355 -;A 

325.0 

143.8 

157.6 XV 

159.8 «*■• 

476.1 XV 

589.8 XV 

:*L. 7e;. 

• >"-> :i,\ 
.’Z ■; 

1 

1.02 2 r.A 

0 'JA-* 

j 

1 

34i .6 

1 

32.0‘0 

12. 02r'V 

15. '3 XV 

56.4 3X.’ 

118.5 .X- 


Kuv 

























TABLE VII 


PAPT WJMIjEB 


JAI.TX2N2905A 


Final Data Summary 


PAPA-t TER 

SPECI F 1 CATIONS 
LIMIT 

I 

MEAN 
1 N T. 
DATA 

1 

AVERACE IN MEAN VALUE 

M 1 N 

MAX 

T.I. l-v' T ROIA 


T . T . 1 


POWER STRESS 

temp stress I 

mmmm 


ICBO 

— 

o 

1 

•\A 

.335 

.0146 

- .2588 

♦ .2108 

* .2261 

♦ .1837 

- . 1 500 


HFE 

75 

— 

B 

176. 

* 1.89 

-23.76 

-5.46 

♦20. 36 

B 

♦16.10 


VCE(SAT) 

— 

-0.4 

1 

. 166 

.0007 

- .0010 

- .0003 

- .0137 

- .0025 

- .0156 


VCE(SAT) 


-1.6 

V 

.469 

.0018 

.0043 

m 

- .0930 

- .0101 




uote: all catastrophic rejects removed from data. 


X 

c 

< 


> 


ORU'.INAL PA(iK IS 
OF POOR OUAMl-Y 









































2. Test stopped due to excessive mechanical 
failures . 











































































Parametric 


FAILURE SUMMARY 


JAN TX2N2905A 


160 MR TEMP. STEPS 


CROUP HI 16 HR TEMP. STEPS 



22S*C 



"Test 7 " 
Stopped 


MFR A = Texas Instruments 


B = Motorola 

1. S/N 4761 & -^767 failures. 

2. S/N 4712 missing 

3. Lead(s) broken - Electrically good, 

4. S/N 4739 & 4747 failures. 


5. S, N 4780 f<*i-lure. 


6. S/N 4784 failure. 


7. S/N 4734 failure. 
































































01 OS 1 2 S to 20 SO <.0 SO 70 K. K »S >S 

T:..« vil •(■IS •;hc>fc*sr. to 
vc,rt closely apf,roxir«tte 
tl.e i'-taal Vdl.e for tr.i« 
pdrt type. 


FIG’JPE 3. Car.ulativt; Failure Distr iLutio.*; 


PU-ToNT FAII-’.'PE': Tj< 




(.Motorola) 












Kov A 



IK 4 Ml -im lAiMMAUtHN 


»' »' K ^ P I N A 


KAIUiUK ANAl.YSlt; 


1\>IVL-K STUr 


A- 1 


1 






i'ilrx::; tk::? . 

fAii.U;^;. AiiAiy n- Ti:A!:.:i.'T(.p:; 

(P"Wt;R) 


'M<r;inal fa(;k ls 

OK P»A»K gl’AIJ'IY 
Date 26 April 1970 


j/v 2CN242«04A 


p/i; 2N2905 (I.<0 


FAII.UHF V?y.IFICATK!.' l 10n,\ 


lUn - 75 


Kv/Rj. 


Texas InHtruconto 


s/u 

BVcfC 

-volts- 

b^'cbo 

-volts- 

^C'O 

-U;\- 

50 

BV:j 30 

-volts- 

r^. 7 A~ 

0 Ic- 
100^; 

VcE ■ 

Vb.:c 

-volts- 

^ ^BEO* 
10 mA 

lurruL 

R£J.:9 test 
sequence 

n.'ITIAL 
RiiJ. FOR: ' 










.. 


4706 

72 

86 

0.2 nA 

7.5 

185 

0.78 

55 

cataotrophic-vioo;i 

L) • 









(15U« power, 50 hr 

4708 

70S 

100 

0.2 nA 

7.5 

122 

0.76 

25 

catastrophic-visua 

■ 

rs.) 









(xx5/o powor* 15^ h 

4711 

70 

108 

1.0 ni\ 

7.6 

172 

0.78 

55 

catastophic- visual 










































T.T:^*:ki visUAi. 

ir.’srSCTICII: s/H 4711 has some 

areas of 

non-significant abraded 



cant anomalies • 

All rejected samples in this sublot h^./e a miosing external emitter lead. (Total of 8 
including 2 control units.) 

QCiUCLUniCTo ; All the selected samples were functional and within acceptable limitc. 
The only significant anomaly was the breaking off of the external wire leads. This 
breaking was caused by the use of close hole sockets on the b\un»in boards. The 
leads had to be bent together for burn-in at each statje and then spread to normal 
separation for each tost. Those s.uaplen experienced from 25 to 55 cycles of bonding 
and spreading before they broke. I'hc miiin bending stress is concentrated where the 
loads exit from the glass of the header and all glass seals are somewhat cracked from 
this flexing. (See figure A-2) 

Bend tests were performed on undamafred samples and on the remaining leads of the 
damaged samples and no evidence of crystallization or brittleness was found in 3 right 
angle bend cycles por wire. 


Sample size =» 8 ea . 
Failure Analysis = 3 

ea . 


S ■ soft D • drift 

H - hysteresis 

Inv • inversion Dns * unstable 

R - resistive 


A-2 






J 


I 



WM. 



Kov A 


j/.j 2CK2A2-0U 


Oi«*i ^ 1 1 v» ^ i f *> j 4 

f'Aii.iTRK \i;Aiy :s ~ 7iu!.’r:G?onn 
(TOWER) 


p/» 2H2905 (PIT) 


Dat e 

Kotorola 


26 April 1^78 



4761 


4755 


4769 open i abort 



SVvr(' Bj 

wWv 

-volts- G 

V 



.2 I 100 



vbvc pirruL ii]:itial 

volts- jRSJ.'? teat REJ. FOR: 
^BEO" sequence j 


90 1 

0,4 n \ 

7.0 

159 


hiT (50;j power I 50 hr: 


^rTE^y,!. VISUAIi II.tjrSCTJCb; 4769 has been destroyed by electrical overstresa. 

(See figure A-4.) 

The other 2 saaples show no significant internal anomalies, 

S/H 4770 has a missing external emitter lead, This sublot contains 9 devices with 
missing leads, including 1 control unit, 

Cf^igUSIONS ; S/N 4769 was destroyed by high current operating over a long period of 
time. The emitter metallisation and silicon were melted, as well as the internal 
gold emitter wire, (See figure A- 3), The appearance of the dam'^je suggests th.,'.* the 
overstress current was greater tlian 2 amperes and flowed for longer than 100 v -seconds 
The voltage was not greater than the device breakdown of 30 to 75 volts, (s/h' 4765 
and 4767 which were not failure analyzed also exhibit open emitters and are presumed 
to have the same failure mode as S/lJ 4769,) The so\irce of tJio massive overstress is 
not 3cnown but the tests suggest themselves as possibilities. 


leads. 


- Refer to Texas Instrument's analysis for a discussion of broken external 


Sample size = 9 oa . 
Failure Analysis = 3 ea . 


oiuoiNAi. !? 

QF PiK'U 


' Initial breakdown occurs at 10 Volts and by increasing current 
the second breakdown occurs at 33 Volts. 


S - soft D ■ drift 


H - hysteresis 

Inv - inversion Uns •> unstable R ^ resistive 























Kev .\ 



OCA Ht LIAHIIIIV LAIIOHAIOHV 


A P p t: N D I X l» 

FAILURE ANALYSIS - TtIMPliltATUKE STRESS 1 


B-1 



KAll.UHK AKALrJin- THAtlinr.TOIKI 
(TEMPERATURE STRESS I) Pate April 19 

PN2903 (riJp) unit Trxnn Inntramrntn 


CN242-04n 


KAILUKK YtJnFICATlONi 


BETA 

O Ic- 

lOOuAl 

VCE " 
10 V. 


INITIAL 
liEJ. FOR I 


BV,/no 

-volto 


INITIAL 
UFJ.^ t«at 
pequcnce Hi 


itm-jgiAL VISUAL iiu;i-h\;riuN> 


The appcar?aiO 0 ;uul oonoluatono 
fox* thin nubgroup nro tho aiuco 
rtf. lor J/N 2CN242-04C (Texas 
Xnotruaont8)o 


Sample size = 3 ea . 
Failure Analysis = 3 ea 


FIGUFIR B-1 

Typicni Toxnn InotrumcntJ* die appeoronoe 
s/N 4722:« Magnification 160 X 


«Potc. trnoe pronont » daiviot uout etatod tost oonditiono* 

**Bota trace very leaky « jj ^ hyateresis 

S * soft D •“ drift Inv «■ invoroicr. Una - unatablo R - rcolotlvo 








NSF." STrT- 'W^2?__7>j|22 
KAllV!.:’ ANAl Yl- i r- TPvAN^'.h' rO!t.- 
(Tl'MPKKATUKK STKKSS 11) Dato 
y/,- :N2903 (ntr) Motorola 


KAII.’JKK VI-jaFICATTv’N’l 


c u uc- 10 a \ mln»7*) 

S/N | Tp^’c-V [p\’kP 0 I I Vpv^^ llIUTIAL litilTlM. 

-volts- -volts a\- -volts- Ij- -volts- tost iHiU. FCR; - 

' CB " I ' li3FC “ sequence 

V V . I ■ 10 ni.\ I 

07 0.4 nA 7.2 i 4.6 0.70 ^ iT ^ »Vc: 


^ 'CB 
V V. 


4772 07 |C.4 nA 7.2 ; 4.6 


[il— d*-4-nA 2 U_j_H 2 - ' __ 0 ^U _4 li' 

VBOO 10 PA- oi.73. Vy}E 0 (»at) \ 1^0 cJV« 0.5S 



U ,y,^, (l(Xr.M60 hrs 2^0- 


0211 ! 104 0.^b 


lI 1 150 


(iot»;:,ioo hrs;c75‘ 


I'CEO Ci^iuio."^ wtMo inf.\.sui cvi .it'tiM du- 1 i » 1 U luj . 


iirr’r-jiNAi. vi^UAi. iriirra'Tici;; 


S/N 4772 and 4700 have no significant visual defects. 


OU UilNAl, P\*'.K U- 
01 Iti'K ul'M ITY 


, .• 4/«.'4 exliibits silicon doiaage on the base-collector Junction. (iJeo fig. U-1.) 


CONCLUSIONS: 

tiZuiii 

This G.unple has lost ciost of its current gain witb.out cxhibitiivc any other 
Junction anoailios suTficicnt to explain that loss, Tliis s’o^'gests that the beta 
fall-off was duu to loss of onitter injection efficiency- specifically a loss of hole 
lifetice and/or mobility, iiuch a cluuige could be Induced by drifting of inpurcties 
under the Ijifluence of the hif.:): pow^r and temperature used to stress the device, T)ie 
ch.uif^’ (increase) in collecto:*-em:cittor bre.Utdown volt.iges upon opening the packages, 
and the l^j’steresis seen on those measurements is evidence tiuit cont.uaination was 
Indeed present within the p.ick.ages. 

S/h 4700 

Thin is a good unit. Tlie Vjjo;i and VJp^; fon.ard volt.ige data given above 
confirms that there is no abn 0 rm. 1 l rooist;mce present in the contacts or pacV;agv, ;uid 
the Vjijg (sat) at Ic ■ 150 ni.\ wan within specified limits. This is considered to bo 
a measuring error reject, possibly for poor contact, since the extern..! leads of this 
B.uaple are oxidised. 


S - soft D » drift 


H - liysteresis 

Inv - inversion Uns » unstable R resistive 


U 1 - 


2CN242-04 U 


S/N 4784 

There is a colloctor-bcise junction defect on this sample which 
breaks down at 70 volts. As the collector-base voltage is raised, a 
resistive trace appears on the curve tracer from 70 volts to the true 
breakdown at 104 volts. This defect is the cause of the excessive 
leakage for which the sample was rejected. See figure U-3. 

Sample Size = 3 
Failure Analysis = 3 


B-4 





if 

1 SI 

In ,] 

SI 

1 

m 
hC 1 


^8 i 





Ui*v A 



A P P i: N U 1 X c 


FAILUKK ANALYSIS 


TLMPLUATUKt: STULSS 1 1 





j^jj 2CIi242«04C 
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NOTE: THE BVceq AND BVe^g BLADINGS WERE MEASURED AT 5 uA. Actual break- 

down had not been reached on S/N 739, 74 7 and 752. The Ig^g i^eadinys 
were also below breakdown voltage. 


i!rniL»:AL visual e.’ltf-jtic;? : 

All sanplea have severe internetallic formation surrovuidinc the base and emitter 
lead wires, llo other si£7iificant defects were visible. (See fig. C-l) 
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C^riFR TESTS : 

Upon stripping the metallization and lead wires chemically, areas of damage to 
the surrounding oxide could be seen under the former intense tallies, (see fig. C-2) 

CONCLUSIOH I 

These samples failed duo to thermal overstress which caused gold/alumin'oo 
intercetallics to form, and which degraded the collector-base junctions. The excess 
die temperatiire and internetallic attack upon the oxide allowed metallic improrities 
to contaminate the oxide and thus degrade the transistor characteristics. Tlie 
emitter-base j'jnctions did not degrade because the higher boron concentration of the 
emitter diffusions gettered the impurities at the emitter-base junction. 

Sample size = 5 ea . 

Failure Analysis = 5 ea . 
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